INTRODUCTION
The 2012 Newcastle and Sydney Spatial Auto-correlation (SPAC) microtremor surveys were undertaken as part of an ongoing project aimed at improving site classification techniques and modelling of seismic amplification. The objective of the 2012 surveys were to compare shear-wave velocity profiles obtained using the SPAC method with previous results derived using the Spectral Analysis of Surface Waves (SASW) method, and with seismic cone penetrometer (SCPT) data in the urban area of Newcastle. The SPAC method was also employed at two permanent seismic network stations in Sydney to obtain shear-wave profiles for future analysis of ground-motion data recorded at these sites.
FIELDWORK
SPAC data were obtained at 23 sites in the city of Newcastle (Figure 1 ). The selection of these sites was based on local geology and previous SCPT data (Dhu and Jones, 2002) . Figure 2 shows that the surficial geology varies between deeper alluvial deposits near the river, to shallower soils overlying weathered rock on the valley margins. In the same figure, warm colours (yellow, orange and red) refer to soft soil due to the high content of alluvium, sand dunes and river deposits, whereas different degrees of weathered rock is depicted in green. During the 2-week survey in March 2012 we covered all high and medium priority sites, continuing onto the low priority ones as time allowed. Two sites in Sydney were also investigated. One at the Australian National Seismic Network (ANSN) station RIV at Riverview Observatory, Lane Cove, and the other at the Joint Urban Monitoring Program (JUMP) station SYDH at the University of Western Sydney Campus (map not shown).
We used seven Kelunji Echo recorders (sample rate 100 Hz) each with a single Lenartz LE-3Dlite 1 Hz 3-component seismometer. The most common configuration used was a nested triangle ( Figure 3a ) but when space was insufficient a side-nested triangle (3b) or a T-shape (3c) were used. In total seven sensors were used at a time. The spacing between any two sensors varied from a few metres to approximately100 m depending on space availability. Data were recorded for each site from 1 h to 1.5 h. In addition, a Guralp CMG3 ESP 120 s seismometer was used to record data for H/V ratio analysis (Nakamura, 1989) at most sites. 
SUMMARY
Since the 1989 Newcastle M L 5.5 earthquake, the city of Newcastle, Australia, has become a focus for earthquake risk assessment. Surficial geology in the area varies from deeper alluvial deposits near the Hunter River, to shallower soils overlying weathered rock on the valley margins. Ambient vibration techniques, based on the dispersion property of surface waves in layered media, are promising for assessing the subsurface geophysical structure, in particular the shear-wave velocity (Vs). Using one such technique, the Spatial Auto-Correlation (SPAC) method, we characterise soil deposits at 23 sites in and around the city of Newcastle. Results show that values for soil overlying bedrock ranges from 200 m/s to 1000 m/s, with the higher velocity values observed in shallow soils which are relatively consolidated and distal to the river. Bedrock depth varies from 6 to 56 m, but an accurate quantification is hampered by the low frequency picks (< 2 Hz) which are either unavailable or of dubious quality. Some V s profiles show two abrupt changes, the first at ~ 4-15 m depth and the second ~19-56 m. Low V s values are of particular interest as they may indicate areas of higher seismic hazard.
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DATA PROCESSING
SPAC curves were processed and interpreted using the GEOPSY software package (www.geopsy.org). The modified SPAC method for non-circular arrays (Bettig et al., 2001 ) is implemented within GEOPSY. Pairs of stations in the array were grouped along rings of finite thickness. In order to obtain different curves for increasing apertures, 6 rings were used ( Figure 4 ).
The processing method adopted in this study is described in Wathelet et al. (2005) . The SPAC curves were computed from the measured signals ( Figure 5) . The curves were then evaluated for each ring and transformed to the frequencyslowness domain. The dispersion density is generated by stacking the SPAC functions in the frequency-slowness domain. High density regions should then correspond to the dispersion curve (DC) (Figure 6 ). The portions of the SPAC curve that correspond to the highest dispersion density are selected and highlighted ( Figure 5 ). Solution density in the frequency-slowness domain varied from site to site, depending on the quality of the data. 
INVERSION
For the inversion we used 'dinver' implemented within the GEOPSY software package. Dinver uses the conditional Neighbourhood Algorithm (NA) (Sambridge, 1999a (Sambridge, , 1999b for solving inversion problems (Wathelet, 2008) . The theoretical DC is calculated from random parameters given by the NA (forward problem) and then the number of layers to invert is chosen. The parameters to invert are four: V p , Poisson ratio, V s and depth. Density is constant at 2 kg/m 3 . It was found that the choice of V p did not influence much the inversion process. Through trial-and-error a four-layer model appeared to provide best fit to the data set. Finally, the misfit between the theoretical DC and our data set is evaluated. 
DISCUSSION
V s , V s30 and bedrock depths were derived from the same SPAC data set by Geoscience Australia (GA) using GEOPSY, and by Monash University (MU) using the software employed by Asten (2006) . Table 1 compares the results of the two analysis methods, including SCPT data, SASW and previous SPAC measurements (Sorensen and Asten, 2005) . Table 1 ) generally show good agreement between the two methods. Good agreement also exists for Brd01, Ham03, Iso01 and Wik01, sites which exhibit the best data quality, whereas the biggest differences between the two methods occur for Brd12, Brd08 and Nlt03. The last three sites are located on relatively hard rock, so this discrepancy is of less importance for the purpose of our study, as ground shaking on hard rock is generally lower than in soft materials.
The deepest bedrock depths are observed at Tih01, Ham03, Car01 and Car02, which are located on thicker soil. Wik01, Iso02, Car01 and Ham02 show two interfaces (significant changes in V s ), with the deeper at ~40 m. Juc01 shows two interfaces, although the deeper (at ~20 m) is the most prominent one. The shallower bedrock depths are observed at Kot01, Brd12, Brd08 and Mer04, all located on consolidated rock (Table 1) .
At least seven out of 25 sites exhibit significant velocity contrasts at depths < 30 m. These are Brd01, Brd12, Kot01, Brd08, Juc01, Mer05, Nlt03, Riv and Sydh. Among them are Kot01, Brd12, Brd08, Juc01, Mer05 and Nlt03, for which the two SPAC methods give different results (numerical values for the two methods diverge as V s30 increases). On the other hand, bedrock depths are all in good agreement.
The general trend shows regolith thickness decreasing with distance from the river (east to west). In Figure 9 , the estimated bedrock depths are plotted against their corresponding V s30 values. The results show that when the regolith is thin (shallow bedrock depth), V s30 values are higher. Bedrock depths derived from the SCPT data are different (Table 1) . Of the high priority sites only Brd09 shows good agreement with SPAC, while from the remainder, the best agreement comes from Brd01, Ntl03, Brd02, Brd08 and Kot01. From the SCPT we know that in Brd03, Ham02 and Mer04 the bedrock was not reached, while at others (Mer05, Iso02, Juc02 and Tih01) it is possible that SCPT stopped at a shallower interface, which was interpreted as bedrock. Juc01, located in the south-east on soft soil, has discrepancies both in V s30 values as well as in depth. A problem concerning the maximum SCPT depth from Brd-03 was noted. The depth suggested by both SPAC methods was significantly shallower than the depth of derived from SCPT bedrock. Further comparisons with different methods are needed to obtain a better estimate.
We used a selected frequency range (depending on the SPAC curves for each site), whereas the software used by MU inverts for all frequencies (1-40 Hz). In our case, models where all frequencies are used are more diffusive especially as depth increases and with a higher misfit (see Figure 7) The regolith site classification of Kayen et al., (2003) was applied to data derived from the SPAC methods and the SCPT data ( Table 1) . The results, when applied to the Newcastle data, are shown in Figure 10 and Table 3 . It can be seen that:
Good correlation exists between soil classes and results from the two SPAC studies. For MU (Figure 10b ) class D seems to predominate, while for GA class C predominates in the south and D in the north (Figure 10a ).
The SCPT data is less consistent. For example Kot01 is assigned class E, where the two SPAC methods gave B and C (Figure 2 ). Nlt03 and NLTS are assigned D, (both SPAC methods gave C). From east to west sites show a tendency to belong to a lower class (for SPAC methods). This is in agreement with the surficial geology as depicted in Figure 2 .
When the DC showed scattered values the corresponding models showed uncertainty in depth of interfaces (e.g. Kot01), in V s (e.g. Iso01) or both (NLTS < 40 m). The uncertainty below a certain depth (as shallow as 15-20 m for Brd02, Brd04 and Brd09), can be attributed to the low energy levels at frequencies below ~3 Hz, and the information, consequently, is minimal for these depths.
Relatively large uncertainty in depth (5-10 m) is observed for Kot01, Bar01, Brd03, Iso01, Nld, Brd09 and Sydh. Averaging over the models with a range of smallest misfits provided the depth for the final estimation. (Sorensen and Asten, 2005) are also included in parentheses below the corresponding GA values. * in SCPT depth denotes only 'reached' depth. Depths separated by commas (GA and MU) denote the two interfaces suggested for some sites. --------V s30 (m/s)---------||-----Depth (m) ----| 
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